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COLD STORAGE IN HORTICULTURE. 
THE r61e of cold storage is becoming more and more 

important in horticulture, not only in the preserva
tion of food products, such as fruits and vegetables, 
but also in the retarding of the vegetation of the 
bulbs of lilies, hyacinths, and tulips; the rhizomes of 
lilies-of-the-valley, and clumps of lilacs, snowballs, 
roses, deutzias, and azaleas, in order to obtain flowers 
therefrom long after theit regular period ,of blossom
ing, has passed. 

It is principally in the United States, England, and 
Germany that this industry has become most extensive
ly developed, and the French producers 'of flowers are 
at present depen dent upon the two last-named countries. 
A lecture replete with 'interest was recently delivered 
upon this subject at Berlin by Herr Meekel, and was 
received with such favor that we shall endeavor to pre
sent the essential points of it. 

It was not very long ago that the. possibility of 
preserving fruits for quite a long time in such a state 
that they could be kept and transported without l.osing, 
their edible and commercial value was unknown. At 
pl'esent, Florida and California are currently shipping 
strawberries in cold-storage cars to New York, where 
they are to be found exposed for sale for eight months 
in the year, while formerly they were to be seen but 
during three months. Canada and Australia are ship
ping peaches, grapes, appl.es, etc., 'to London a.nd 
Paris with the same success. One of 01.jT friends, the 
superintendent of a large establishment at Yokohama, 
writes us that the shipment of lily bulbs thence to 
Europe in cold-storage chambers on shi-ps was begun 
last year. 

One of the essential conditions for the proper pres
ervation of perishable products, independently of a 
stable temperature, is that the chambers shall be dry, 
the air be pure, and that in taking the fruit {JUt of 
storage it shall not be suddenly exposed to variations 
of temperature. The preservation of apples and 
grapes can thus be extended to eight months, that of 
pears and oranges to four months, and that of straw
berries, gooseberries, and raspberries to from three 
to six weeks. 

It is also a simple matter to arrest the vegetation 
of a number of plants and render them tlowering inde
pendent of the season. But it is necessary that such 
plants, the activity of which is momentarily arrested, 
shall be fu:rnished with the temperature and humidity 
of air that the vital conditions of eacl1 of them re
quire. 

Thus for the rhizomes of the, lily-of-the-valley, 
clumps of lilac, deutzia, spirrea, azalea, etc., it is 
necessary to maintain a temperature of two or three 
degrees C. below zero in the chamber in which they 
are stored. Lilies and roses, on the contrary, require 
one or two degrees above zero. Fig. 1 gives an in
terior view of a cold-storage establishment with the 
corresponding mechanical in;stall.atjons. This estab
lishment is divided into several· chambers which open 
upon one and the same passageway. Independent re
frigerating pipes, as well as conduits for the air, exist 
in all the chambers, and permit of varying the temPera
ture and hygrometric state of each of them. In fact, 
a cold saline liquid is passed through the pipes, or 
else a cold and dry air apparatus is brought into requi
sition, according to the degree of dryness to be ob
tained. In order to prevent a loss of cold to as great 
a. degree as possible, the partition walls, floors, ceil
ings, and double floors are lined with a material which 
is a poor conductor of heat. In another cold-storage 
establishment which has an·area of about 1,000 square 
feet, the cold is produced by a small-sized upright 
frigorific machine (Fig. 2), which is covered in order 
to protect the belts, and is actuated by a gas engine. 
The apparatus for cooling and condensing the air are 
combined and placed, along with the pump, in an an
nex to the engine room. For an installation of this 
size, the cost of running is sensibly the same whether 
a gas or a steam motor be employed, while electric 
power would be more costly. It is evident that for a 

The lily bulbs must be absolutely'perfect when placed 
iIi these chambers, since a single contaminated one 
might spoil all those of a case. These bulbs are ar
ranged in boxes on cocoanut fiber and the boxes are 
afterward so placed' upon the shelves that the cold 
can penetrate each case. 

In the city of Hamburg there are at present immense 
cold-storage establishments in which a constant tem
'perature of from three to five degrees of cold is kept 
up all the summer, and in which thousands of cases 
each containing from 2,500 to 3,000 lily-of-the-valley 
rhizomes remain entirely congealed until the time 

FIG. 2 -FRIGORIFIC MACHINE. 

arrives for setting them out. These plants flower from 
May to December, the epoch at which t11'e rhizomes 
of the same year are forced. The annual exports of 

'these rhizomes from the Hamburg cold-storage' estab
ments amount to $200,000. We do not think, however, 
that there are any cold:storage establishments for the 
preservation of living' plants ,that approacll. in magni
tude that of Thomas Rocheford, who annually sells in 
England and exports to ,France, several million dollars' 
worth of lily-oj'-the-valley rhizomes, BerlUUda, lilies, 
lilies with r�se-color'ed flowers, etc.:....rranslated from 
La Nature fiat, the SmENTIFfc'AMERICAN Sl1PPLEM'ENT. 

THE EUCALYPTS. 
YOUR reviewer' of two recent works ' o,n euca1ypts 

(April 2, p_ 524) seems to require correction on cer
tain points. Eucalyptus globulus cannot be considered 
as the first in economic importance among the euca
lypts. In almost every shade of extra-tropical climate 
there is to be found a eucalypt which will grow as 
wel'l, or better, thim E. globulus, and yield: a far supe
rior timber. It is genera'lly held now that eucalypt 
planting has suffered by the indiscriminate praise 
showered on E. globulus by the early euc!1.1ypt enthu
siasts. 

Your reviewer says, further, that eucalypt planta
tions now exist in Italy, France, Algeria, California, 
and other countries. He does not appear to be aware 
that there is probab'ly more eucalypt planting in 
South Africa than in any other country, and that at 

FIG.1.-COLD-STORAGE ESTABLISHMENT FOR THE PRESERVATION OF FOOD 

PRODUCTS AND PLANTS. 

�arger establishment, a steam engine is preferable, for 
economic reasons. 

Such an install.ation is so arranged as to receive 
plants and bulbs that have already been retarded in 
a horticultlJl'al establishment of some size. The cost 
Of constructing it may be estimated at $2,800 and the 
annual expense of running it at $600. An establish
ment of this kind would permit, in setting apart the 

, large cham ber for lilies-of-the-valley, and the three 
smaller ones for rose bushes, various shrubs, and 

,lily bulbs, of storing at once 1,500,000 rhizomes of 
lilies-of-the-valley, 28;000 lily bulbs, and several hun
dred shrubs. Such plants and bulbs are placed 'l:qJon 
shelves arranged for the purpose and properly spaced. 

the present rate of progress there will, in a few years, 
be more eucalypt p'lantations in South Africa than in 
all the other countries combined. There is no group 

'of trees in the warm temperate regions of the world 
that can produce hardwoods of good quality so rapidly 
and so cheaply as eucalypts, and their cultivation bids 
fair to become the central factor in the forestry of 
these regions. At this moment trainloads of eucalypt 
timber are pouring into South Africa, eucalypt sleep" 
ers displacing metal and creosoted-pine s'leepers. South 
Africa will soon be paying out something like a quar

' ter of a million pounds yearly for eucalypt timber 
imported for railway sleepers and mtning timber (lit- • 
tIe or none of this, by the way, E. globulus), so that 
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any delay in the prosecution of euca1ypt planting :in 
South Africa would' be a most expensive proceeding. 
It is nofeworthy t1;:tat, so long as the eucalypt is prop
erly fitted to its climate, it seems to grow better iti 
South Africa than in Australia, the explanation being 
probably that all the eucalypts in South Africa have 
been raised from seed, and are thus growing in South 

,Africa free from their Australian pests, both fungoid 
and insect. With the view of preserving this happy 
immunity from disease, the importation of eucalypt 
plants into Cape Colony is p�aced under stringent re-
strictions. ' 

The meritorious work of Messrs. R. T. Baker and 
H. G. Smith, if carried to a conclusion, should be the 
classic for many years on eucalyptus oil. Your re: 
viewer is mistaken in saying that practically all the 
eucalypt species indigenous to Australia are included 
in their work. Practically, all the eucalypts are indi
genous to Australia, but they are not included, in 
Messrs. Baker and Smith's work, which embraces Hi 
out of 120 described species of New South Wales and 
a few others from the neighboring colonies of East 
Australia, but none of the well-known timber eucalypts 
of Western Australia, jarrah, kari, touart, red gUnl, 
York gum, etc. ' 

It is a little disappointing that the autIiors were 
unable to obtain leaves of such, a 'prominent euc!1.1ypt 
as Eucalyptus regnwns, the tree which shares with .E. 
diversico,lor the honor of being the tallest tree in the 
world. It is common enough in the government plan
tations near Cape Town, as is also E. alpina, which 
figures also in the list of unprocura bles. It is partic
ularly unfortunate that they have not tested Euca
lyptus calophylla, the type of the para'llel veined euca· 
lypts. This is a West Australian species. 

Messrs. ,Baker and Smith state that forty tons of 
eucalypt leaves were used and 500 distillations made. 
Their work is a model of painstaking investigatipn, 
and to the chemtst and those interested in the ,oil 
industry wi'll no doubt prove extremely useful. 

But the authors' have not confined themselves to the 
chemistry of eucalyptus oil. They propose a number of 
new eucalypt species and a new classification of euca
lypts. 'How far the numerous new species will stand 
the test of critical investigation in the field remains to 
he seen. Many of their new species h!1.ve alreaqy,b®n 
contested. 

Messrs. Baker and Smith have discovered that there 
is a relation between the venation of eucaJlypt .leaves 
and the chemical. constitution of the oils of thos,e 
leaves. Parallel veins and pinene go together. Mahy 
of tbe parallel-veined leaves smell of turpentine like 
a pine leaf. Then come the peppermint euca'lpts, con
taining piperitone, with a more complex venation; 
and then a still more complex venation yielding ,oils 
rich in eucalyptol or cineol, which is the valuable c'(m
stituent in the best eucalypt oils. This is a very inter� 
esting and important correlation, especia'lly if furt�er 
investigation shows ,that it holds good through the 
whole eucalypt genus. As chemists, one can pardon the 
authors their enthusiasm over it. But whether it is 

.suffWent to found a new:ClassificatiQll, o( e#ca.lYDts 
on may be doubted. We have numerous eucalypt class'!
ficatiolls in the field. There is that which is generaiiy 
accepted in default of a better, the anthereal system 
of Be�tham, somewhat modified and simplified, but 
not inwroved in Muel'ler's subsequent works. There 
is a (perhaps more practical) bark system, and. there 
are various obselete systems founded on the shape of 
the cones and the flower buds. As Messrs. Baker and 
Smith most justly remark, a natural classifl-cation 
founded on a combination of all these, including the 
quality and struct)lre of the timber, has yet to be made. 
It is not likely that their oil-and-vein classification 
will be sufficient in itself. It seems unlikely that any
one, except a scientifically trained forester, who has 
spent a large portion of his life among the eucalypts 
in thejr natur.al :forests, will be able to construct a 
sound natural grouping of the species of this difficult 
genus. The work will require a Mathieu, a Brandis" 
01' a Gamble, that is to say, a practica)l forester with'" 
special scientific 'qualifications. It is net to be done 
with potanical specimens as Bentham and Mueller 
attempted it, nor with practical knowledge alone: a s  
Wools attempted it, nor in a chemical laboratory 
where Messrs. Baker and Smith have done most of 
their work! It is true that Mr. Maiden is now bring
ing out a "Critical Revision of the Genus EucalyptUs," 
and from this, wfth his great reputation as a practical 
botanist, much is expected. The first number, on that 
very important species Eucalyptus pilularis and its 
allies, has already appeared, also Part II. on E. obliqua 
and the gum-top stringy barks. ' 

In view of the ,differences in the quality of the oil 
yielded by various eucalypts, the autho.rs advocate 
plantations in certain circumstances of good oil-yield
ing species. The)opping they suggest a forester wO,uld 
replace by coppieing. It is b�lieved that all eucalypts 
coppice well. Most of them will stand a consideraple 
amount of lopping, but it eventually kills them. ' It 
is only in a few instances that species of eucalyptus 
are found predominating over an area of countrY to 
any great extent, so that a particular species 'heing 
workep for its oi'l may soon be cut :out in close prox
imity to a permanent plant. But some eucalypts 'are 
very tenacious of life, and "suckers" soon spring from 
the stumps of the trees cut down; it is thus only a 
matter of a few years when fresh material.is again 
obtainable. This.' may be seen from the photogrllPh of 
E. Smithii, where most of the dense growth is from 
"suckers" of this nature. We have been able to show, 
in several instances, that the ,oil obtainable from this 
young growth is of the same character as that obtained 
from the mature leaves, so that no gre!1.t differences 
in the quality of the oil need be expected.. But ',we 
think it to be a pity that the trees should, in many in
stances, be fel'led for their leaves alone. By jUGJc,ious 
lopping a fresh supply of leaves could more quicM¥' 
be obtained, so that a permanent supply might _be 
assured. There are a few speci.es of eucalyptus,how
ever, which form the prevaijiJlg vegetation in certain 
localities, and are found-gW-W:ing gregariously In their 
native habitat; this is ':par(icl,Ilarly the case with schne 
of the "mallees." In New South Wales there are sev
eral species" of this nature, as, for instan�e. the ' iib'lue 
mallee," E. polybra,ctea; the "red," or ','water',lp in,ee." 
E. oleosa; the "gray mallee," E. Morrisii; 'and the 
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"Argyle apple," E. cinerea; all these species give good 
eucalyptol oils, and all are more or 'less gregarious in 
their habits, so that natural plantations of these spe
cies are practically ready to hand; but besides these 
naturally cOvered areas the question of the cultivation 
Of certain eucalyptus species' is of importance in this 
connection. 
. It may possibly be accepted as conclusive that some 

eucalyptus species are not inexhaustible under certain 
conditions, and it is worthy of consideration whether 
plantations of young trees of Eucalyptus Macarthuri 
for instance, might not be profitably cultivated fo; 
the preparation of its valuable geranyl-acetate oil. 
So with the eucalyptol oils, it is probable that the 
cultivation of some species, E. Smith,ii, for instance, 
could be profitably undertaken, and from which young 

'growth an oil could be distilled that woU'ld compete 
satisfactorily, both in price and eucalyptol content, 
with any European oil of this class. 

A minor fault running all through their book is their 
).Ise of. the word "sucker." By "sucker" is properly 
understood shoots from the roots, such as one sees in 
poplars, elms, and willows. Eucalypts do not sU2ker 
(except rare'ly and accidentally), and the authors use 
tlle:'word in: the sense of "coppice shoot." No doubt 
"sucker" is an Australian colloquialism, but naturally 
tve use of slang expressions is to be avoided in a scien
tific work. To be !1ccurate the authors should use the 
term ,earlj or first' foliage, or its equivalent, since this 
important diagnostic feature is seen in the first foliage 
of eucalypt seedlings equally with coppice-shoots. 

As yet no one of the Australian colonies has taken 
the first step in scientific forestry. Though Mr. Maiden 
in his various writings has 'let in a flood of light On the 
subject, . and the student of eucalypts stands deeply 
in his debt, there is not a line by a scientifically 
trained forester descriptive of the forests of Australia. 
There is no want of liberality on the part of Australia 
i.n endowing the researches of scientific men living in 
cities, but there is a woeful neglect of forestry in the 
field. Scientific forestry as understood on the conti
nent of Europe is unknown in Australia, and unless 
the commonwealth can bring its attention to bear on 
the terrible waste of its natural forest resources now 
going forward, its future history wi'll be a black one 
comparable only in modern times to that of the Span: 
huds in Mexico. 

In the older settlements of East Australia the for
ests, pillaged of their best species, or burnt and ruined 
have greatly declined in value. GOne are the valuabl� 
reserves of iron-bark, tallow-wood, and forest mahog
any among the eucalypts, and the splendid cedars 
(Oedrela taana) which should have been the country's 
pride, South Africa is getting most of its timber from 
the comparative'ly newly settled West Australia. The 
Australian has yet to learn to take the honey without 
destroying. the bees. 

. When your reviewer takes us to America, we get 
among a people awakening to the fact that there is 
such a thing as scientific forestry. As he remarks 
the Am�rican volume on eucalypts is excellently gotte� 
up. It IS a pleasure to turn over the pages with their 
\i(Y"li}{e pktures of eucalypts. It is not likely, how
ev,er, tltat there will ever be any great productibn' of 
ellcalypt timber in North America. It is only South 
CaHfornia that quite repeats any Australian climate, 
namely, southwest Australia. It is doubtful if euca
lypts will ever do much in the Eastern States. The 
Gulf States, which are alone suited to eucalypts have 
their cold snaps and freezes, together with an �ll-the
year-round rainfall which we do not find in Australia 
:vhile there is an abundance of good hardwood already 
III tile country, and the four pitch-pines, rivaling hard
:woods in strength and durabiUty. Eucalypt culture in 
America is still in its infancy; they have not yet dis
criminated the valuable from the many worthless spe
cies, nor fitted, as far as may be, the species to its 
climate. -D. E, and E. Hutchins in Nature. 

RAIN AS A CLEANSING AGENT. 
SOME interesting facts regarding the purifying effect 

on the air of heavy rain are given in the Lancet. The 
writer says: We have often pointed out that the pass
age of raindrops through the air :::tot only purifies the 
air, but imparts a freshening effect to it, due possibly 
to an oxidizing action, and perhaps to tht' fOImation 
of peroxide of hydrogen. Every one is familiar with 
the "clean" smell of tbe air after a rainstorm. Ac
cording to this view the air of the county of London 
must have received a very thorough scouring dur
ing the remarkably continuous rainfall which began 
on Saturday, June 13. There was very little move
ment in the air. and an opportunity was thus afforded 
of collecting the water for analysis, the results of 
which 'would represent some, at any rate, of the im
purities washed out of the air immediately over this 
area. . The following were the results obtained with 
raindrops caught in the neighborhood of the Strand on 
Monday, June 15 : 

Grains per gallon. 
Total solid' matters . .... . . . ... ....... ...... . . . . . . . .  9.100 
Comma!! salt . ,  ..................................... 0.800 
AIl)l110mUm sulphate .... .... ..... ...... . . .. .. . , .... 0.652 
Organic ammonia. . . . .. ... .. .... ... .......... � . ... . 0.011 
So,it and snspended matters ......................... 5.000 

�:gt��,·::::::::::::::: .. . �::'::::.:: ::::::::::: : :.��:'s
e
diStinct. 

The 'amount of ammonia in the form of SUlphate 
is remarkable, and, of course, its chief origin is. the 
combustion of coal. The nitrites with traces of am
mania are due to electrical discharge in the atmos
phere. These results, when worked out with the total 
rainfal'l, give some remarkHble figures: Taking the 
rainfall as 3.8 inches in five days (though a higher fig
ure than that has been returned by some observers) 
we arrive at the calculation, based on each inch repre
seriting 22,622 gallons of water falling upon one acre 
and the London county acreage as 74,839, that no less 
than 6,437,229,860 gallons of water were poured over 
this area. And, according to the above results of the 
analysis of the rain-water, this enormous volume 
represents th,e washing out of no less than 3,738 tons 
of solid iIripurities, of which 330 tons consisted of com
mon salt, 267 tons of sulphate of ammonia, and 2,000 
tons . of soot and suspended matters; RegardLng the 
combustion' of one ton .of· coal to produce twenty 
pounds of ammonium sulphate�lI. yeq fah' lI.yera�e), 

the quantity of coal represented by the ammonium 
sulphate washed out by the storm would be 29,904 
tons. It need hardly be added that the' purification 
is not only, as is here shown, mechanical, physical, and 
chemical, but bacteriological also. 

A CONCRETE CHIMNEY,* 
By OSCAR GREENWALD. 

. MILWAUKEE, Wis., boasts of a concrete chimney, 
which, in its way, is something of a novelty. As a 
fuundation, a hundred 60-foot piles were used. Upon 
this a concrete base 14 by 20 feet was placed. The 
chimney itself is 170 feet high, has an internal diam
eter of 90 inches and im external diameter of 12 feet 
4 inch�s. Through the entire length of the concrete: 
heavy Iron rods extend, spaced one foot apart. They 
serve the purpose of holding the material of the chim
ney together. In addition to these vertical rods, circu
lar rods or bands are also employed, spaced twelve 
inches apart. 

As shown in the accompanying cross-section, the 

A CONCRETE CHIMNEY. 

CROSS-SECTION OF CONCRETE CHIMNEY. 

chimney is built up of concentric· portions. First comeS 
a shell of concrete twelve inches thick, through whIch 
the steel rods previolisly mentioned extend. Then fol
lows an air space, and fillHl'ly an inner shell. 

. 

In the construction of the chimney, a wooden'. mold 
twelve feet in length was first p:laced in 'position: 
After, having been filled in for a distance of six' feet 
and the concrete allowed to set, the mold' was lifted 
for another five feet and again filled in. Our illustra
tion shows the chimney thus constructed to a height 
of 150 feet. When the molds have reached the height 
of 175 feet, a mo'lded cap will be placed on the top of 
the chimney. It is hoped that this new chimney will 
do away with much. of the smoke of the old chimney, 
which it is intended to supplant. 

Concession to· Mine Phosphate in Barbuda.-The 
Board of Trade Journal, London, says that the gov
'ernment of Antigua will receive, up to October 1, 1903, 
at the office of the colonial secretary, Antigua, tenders 
for a concession to mine phosphate of lime or alumina 
in the island of Barbuda. All information may be ,O'!J
tained from the Crown agents for the colonies, Down
ing Street, London, S. W. 

* Speciall;r prepared for the SOIliiN'l'UW AMERICIAN 6Vl'l'ulli��'l¥ 

© 1903 SCIENTIFIC AMERICAN, INC. 

SPRINGS.* 
By WILLIAM METCALF. 

IN compliance with a request for a paper on the sub
ject of springs,' it may be' well to begin with a' short 
history of the conditions and changes that have oc
curred in the past thirty years in car and locomotive 
springs. 

Thirty years ago, when the writer first became inter
ested in springs, Bessemer and open hearth steel were 
undeveloped infants and theil' uses 'were mostlv ex
perimental for everything except rails and plates. 
B�lster springs were made mostly of gum; gum and 
Calls of steel around them, and gum in boxes in great 
variety; also of coiled springs of astonishing variety. 
They were helices, 'and volutes,. round, square, flat, 
beveled, oval, egg shaped, and nondescript sections of 
bars, used for ?oth bolster and draw bar springs, of 
steel made of eIther the old style German steel or of 
crucible steel. There were double, single and half 
volutes, and helices in groups of single coils, and 
others of different diameters one within the other. 
For elliptiC springs we had flat concave ribbed and 
corrugated barlj. : " 

These springs were covered by patents as numerous 
as the varieties, and, of course, each kind of spring 
was the best in the market. Specifications for springs 
were limited to space to be occupied and load to be 
carried. It was go as you please for the manufac
turer, scrambling and fun for the traveling men, and 
a'll around confusion worse confounded. 

THE ADVENT OF CHEAP STEELS. 

The gradual introduction of open hearth and Besse
mer steels, sure winners because of their cheapness, 
promptly drove out the gum altogether, and more 
slowly but inevitably drove out the crucible steel. 
Crucible car spring steel is still heard of occasionally 
from the few who have not advanced with the art. 
The first effect of . the introduction of these cheaper 
steels was breakages innumerable, until careful rail
road men were driven nearly wild. 

Before crucible steel was entirely driven out, one 
maker was asked to make the lightest possible spring 
to go into a given space and carry a given load for 
the then common 30,,000 pound freight car. The result 
was 32 pounds to a group, 128 pounds to a car. They 
worked admirably, the springs were adopted and many 
thousands were ordered from different makers. A few 
months later the same maker was asked to make the 
heaviest spring he could put into the same space for 
the same load, because the light springs were break
ing faster than they could be replaced. The result was 
a nest that weighed 72 pounds, or 288 pounds to a 
car, a gain of 160 pounds for the manufacturer. 

Shortly after he was sent for again to consult about 
a proper specification, to which he replied that the 
proper specification was to specify his springs, and 
he was t01d promptly that the great railroads of the 
country could not, and would not, be tied to one con
ceTn; that although they were buying springs on. a 
five-year guarantee, the breakages were so great, even 
of the heavy springs, that to insist upon the guaran
tee WOUld, they were sure, break up every one of the 
spring makers, and that would be the worst break of 
all. To take a back ste.p and return to gum and cru
cible steel exclusively would be a confession of weak
ness in the mechanical department amounting to al
most imbecility, and theTe seemed to be no relief ex
cept through a scientific study, careful experiment 
and proper specifications. This was the beginning of 
specifications for springs, and probably the leader for 
many others. 

THE FIRST SPRING STEEL SPECIFICATION. 

The first specification of which the writer has any 
knowledge was for the steel, and was due to our 
worthy president. He wisely ignored the mode of 
manufacture and devoted himself to getting the best 
material consistent with reasonable cost of manufac
ture, not demanding something impracticable, not ex
pecting a dress suit at a shoddy price, and equally de
termined not to have shoddy when he paid for good 
wool. For one, the writer kicked against the close 
limit on carbon, and all to no purpose. The result was 
the noW fainous and almost 'universally accepted Penn
sylvania, Railroad. specification for spring. steel, now 
known, everywhere, as the ... '.'Standard .. Specification 
Spring,Steel," and it' has, proved to be entirely reason
able because it' can be made for ,a reasonable price, 
and. when it is well made it is entirely satisfactory. 

Following this, there came from the mechanical de
partment of. the same railroad the first reasonable 
and .sensible specification for coiled springs. A cir
CUlar section, the .round bar, was adopted for all coils 
.because the strain was torsional and the round sec
tion gave the maxim lim resistance to "torsion: 

. 

Calcu!!ated from the best known formula for torsion, 
a complete set of springs was designed for the var
ious uses about a car. Upon the first trial the springs 
proved to' be about 33 per cent too strong. This led to 
a . discussion between. the spring makers and' the rail
road engineers as to who was at fault. Naturally each 
fellow'insisted that he was right and the other fellow 
was wrong. The writer took the matter up by making 
some springs that were of the 'specified composition 
and the bars of the specified 'size as exactly as they 
could 'b�roned 'on a large scale, not going' into a re
finement of thousandths of an inch. Then he saw 
that they were' treated properly both in the coiling and 
in the hardening and tempering. They were certain'ly 
about 33 per cent too strong. 

This led to a consideration of the formula, It 
seemed at first sight that if torsion were the only re
sistance the closing down of a coil must lead to a 
compression of the tempered steel that was simply im
possible. Then where did the steel go in compressing 
the spring? Probably the ends sHpped around the 
base, adding so much to the coils. A spring was 
placed in the testing machine between two clean, 
smooth steel plates and the position of the ends mark
ed. Upon compressing the spring the ends did not 
move. Next the pressure was releas'ed. and by means 
of a small square set against the sides of the spring 

, * Paner read before the Americ&!! SQciety for Testing Ma�rlal5t Del�. 
Wl\ru Waler Gap, Pa., July, 19\12, 

.. 
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